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CACHING IN MAP SYSTEMS FOR
DISPLAYING PANORAMIC IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from provisional applica-
tion No. 61/733,369, filed on Dec. 4, 2012, the contents of

which are imcorporated herein 1n their entirety.

BACKGROUND

Many conventional applications enable the use of geo-
graphic maps for exploring areas by viewing related photo-
graphic 1imagery and/or for navigation. Some of the image
data associated with geographic locations 1n such applica-
tions can be very large due to the high resolutions used in
acquiring them. Panoramic image data associated with such
locations can be even larger. Such large images oiten nega-
tively affect the user experience because substantial delays
are caused when the images are downloaded to the display
devices from remote servers, and further, delays may occur
with local processing of the images.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a block diagram of a system according to
an embodiment.

FI1G. 2 A 1llustrates another system according to an embodi-
ment.

FI1G. 2B 1llustrates a movable display device and a station-
ary display device of a system 1n accordance with an embodi-
ment.

FI1G. 2C 1llustrates another system according to an embodi-
ment.

FIG. 3 illustrates a block diagram of a display device in
accordance with an embodiment.

FIG. 4 1llustrates a panoramic 1mage 1n accordance with an
embodiment.

FIG. 5 illustrates a panoramic 1image as represented by a
plurality of image tiles 1n accordance with an embodiment.

FI1G. 6 1llustrates a panoramic image as 1t would be mapped
to a sphere, 1n accordance with an embodiment.

FI1G. 7 1llustrates a flowchart of a method for displaying
panoramic 1images 1n accordance with an embodiment.

FI1G. 8 15 a block diagram of an example computer that can
be used 1n one or more embodiments.

DETAILED DESCRIPTION

Example embodiments described herein include a system,
a method, and a medium on which a processing program 1s
recorded. These embodiments will be described with refer-
ence to the accompanying drawings. It should be noted that
the embodiments described below are 1llustrative, and are not
intended to limit the disclosure to specific configurations
described below.

The subject application, 1n some embodiments, describes
systems and methods for providing intuitive and entertaining
displays of map 1mages, panoramic (“strect-view””) 1images
and related information using an arrangement of two or more
display devices (e.g., atelevision and a hand-holdable display
device such as a tablet, a cell phone and the like). In some
other embodiments, only a single display device, such as a
mobile display device, 1s required.

FIG. 1 shows an example non-limiting system 100 that
provides a spatially-immersive interactive multi-display
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2

human-machine interface usable 1n connection with the sys-
tems and methods described herein. The example system 100
includes two display devices, one movable (e.g., hand-hold-
able) and one stationary. The movable display 102 in the
example implementation 1s physically movable 1n free space
during use, whereas the stationary display 104 1s relatively
physically stationary 1n space during use. Of course, station-
ary displays 104 such as home televisions can be moved from
one place to another, but are generally not moved (or not
moved much) during use. Thus, “stationary” does not neces-
sarily mean absolute immobility, but can encompass displays
that are not generally moved (or not moved much) during use.
In other non-limiting implementations, the stationary display
104 can also be movable or partially movable.

The system 100 also includes one or more graphics source
(s) 106 which control or enable display devices 104, 102 to
display computer-generated or other images, including, but
not limited to, the map 1mages, panoramic (“street-view”
images and related mmformation described herein. Graphics
source(s) 106 may include storage for storing information
used to generate the various 1images described herein. Alter-
natively or 1n addition, graphics source(s) may be configured
to access such storage (e.g., via the internet) using appropriate
communication circuitry. For example, graphics source(s)
may be configured to access a Google Maps database via the
internet.

If display device 104 i1s stationary, its location and attitude
in 3D space can be assumed and generally need not be mea-
sured. Sensors 108 measure the attitude or other aspect(s) of
potentially-changing spatiality of movable display device
102, e.g. using MARG (“Magnetic Angular Rate Gravity™)
technology.

The graphics source(s) 106 are configured to be responsive
to information from the sensors 108 to control the 1mages
displayed on one or both of display devices 104, 102. For
example, the graphics source(s) 106 may include, or be 1n
communication with, processing circuitry that recerves infor-
mation from the sensors 108 and that controls the displayed
images based on the recerved sensor information.

In an example non-limiting implementation, the display
devices 102 and/or 104 are used to display maps and pan-
oramic street views corresponding to positions on the maps.
With reference to FIG. 2A, in certain operations of the
example implementation, display device 204a displays a map
201 and a current location on the map. The current location on
map 201 1s indicated by an amimated character 203 who
moves along the route either automatically or in response, for
example, to mputs supplied to mnput devices associated with
display device 202a. Display device 202a displays a pan-
oramic view for the current location. The viewing direction of
the panoramic view may be correlated with a direction in
which the animated character 203 1s facing. As the display
device 202a 1s moved, the viewing direction of the panoramic
view displayed on 202a changes and the display of the ani-
mated character 1s updated to reflect the new viewing direc-
tion. The panoramic views are changed in accordance with
the progress of the animated character 203 along the route on
the map 201. System 200 shown 1n FIG. 2A, also includes
another information processing device 206q that may com-
municate with 202q and 204a. According to an embodiment,
information processing device 206a includes a graphics
source or 1s connected via a network (not shown) to a remote
server (not shown) for obtaiming the graphics (e.g. map graph-
1Cs, panoramic images, etc.).

The processing required for obtaining panoramic imagery,
preparing the panoramic imagery for display, displaying the
panoramic imagery 1n accordance with user mput, and dis-
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playing the map imagery as shown on 204a may be distrib-
uted among information processing device 206a, 204a, and
202a. According to an example embodiment, the acquiring of
the images and forming a three-dimensional object model for
the panoramic 1mage 1s performed by the imformation pro-
cessing device 2064, and the display of the three-dimensional
model 1n accordance with user input 1s performed by movable
display 202a. The amimation of character 203 may also be
determined by information processing device 206a and what
1s displayed on stationary display 204a may be updated
accordingly.

According to an embodiment, information processing
device 2064 1includes a separate frame butlfer for each display
device, such as movable display 202a and stationary display
204a. Information processing device 206a, 1n response to
inputs recerved from one or more of movable display 202a
and stationary display 204a renders respective imagery into
the frame bulfers of the separate display devices which are
then displayed on the separate display devices. For example,
information processing device 206a renders the panoramic
image displayed on movable display 202a 1n one frame buifer
while substantially stmultaneously rendering the correspond-
ing map and animated character displayed on stationary dis-
play 204a 1in another frame butfer.

With reference to FIG. 2B, in other operations of the
example implementation, a map 1s displayed on movable
display 2026 and a corresponding panoramic view 1s dis-
played on stationary display 2045. The panoramic view on
stationary display 2045 corresponds to a map location
selected, for example, using a stylus. When the map 1s dis-
played on display device 2025, a user can specily a route on
the map using a stylus. For longer distance routes, a user can
specily start and/or end points and graphics source(s) 2065
can search for one or more routes between these points.

With reference to FIG. 2C, 1n still other operations of the
example implementation, graphics source(s) 206¢ can auto-
matically “playback™ a specified route so that display device
204¢ displays panoramic views associated with traversing the
route. Display device 202¢ may be used to view the route
from viewpoints, view directions, etc. other than those asso-
ciated with the display device 204¢. Thus, a user may look to
the left, to the right, up, down, etc. using display device 202¢
as the route 1s traversed, while the display device 204¢ con-
tinues to display images of the route from the same viewpoint,
view direction, etc.

In this example implementation, stationary display (e.g.,
204a) 1s physically stationary 1n the room (e.g., living room,
family room) where 1t 1s located. It can for example be a
relatively large fixed display (e.g., a wall or table mounted
television or other display) used to present an image of a 2D
or 3D map. The images that stationary display displays can be
static or dynamic. For example, they may include a map (e.g.
201) having one or more highlighted routes and one or more
ammated characters. The map may scroll as the animated
character(s) (e.g., 203) reach the boundaries thereof. The map
images may dynamically change in other ways including
viewpoint, e.g., 1n response to user mput or other factors.

In the example implementation, movable display (e.g.,
202a) 1s movable 1n free space and displays, for example, a
panoramic view corresponding to a location currently high-
lighted on the map. The attitude of the movable display can be
used to vary the panoramic view on the movable display by
changing the viewpoint, viewing perspective, viewing direc-
tion, field of view, image orientation, augmentation, scale
and/or other 1mage characteristic(s).

A human can move movable display anywhere 1n free
space. Moving an object anywhere 1n free space 1s sometimes
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4

called moving i “si1x degrees of freedom” (6DOF) because
there are generally six basic ways an object can move. For
example, the person can move (“translate”) movable display
along any of three orthogonal axes: up and down (vertical or
“y”), left and right (horizontal or “x”*), and forward and back-
ward (depth or “z”). The person can rotate movable display
about any of three orthogonal rotational axes (pitch, yaw and
roll). Just like any object, the person can simultancously
move movable display in any combination of these *“six
degrees of freedom™ to move movable display 1n any direc-
tion and manner 1n three-dimensional space. For example, the
person can spin movable display about the roll (and/or any
other) rotational axis at the same time she translates the
device down or in any other direction(s)—Ilike an airplane that
rolls and descends at the same time, for example.

In the example implementation, system 100 has sensors
108 that detect aspects of the spatiality of movable display
such as 1ts attitude. These sensors may include one or more of
accelerometers, gyrosensors, magnetometers, ultrasonic
transducers, cameras, and the like. These sensors enable mov-
able display device to display panoramic views from different
viewpolnts, viewing perspectives, viewing directions or other
characteristics responsive to aspects of the movable display’s
current spatiality.

In one non-limiting example, the person can move movable
display device to new attitudes that permit the person to
examine different parts of the current location indicated on
map 201. For example, to look upward, the person can move
or rotate movable display device upward. One or more of the
sensors 108 detect this upward movement such as translation
and/or rotation, and the graphics source(s) 106 are responsive
to the upward movement detection to display an upward
panoramic view on the movable display device 102. At the
same time, the graphics source(s) 106 may update the display
of the amimated character on the stationary display device 104
so that the character’s head faces upward, thereby efiectively
providing a view on stationary display device that a person
can intuitively use as a reference or context to understand that
the movable display device 102 1s showing an upward pan-
oramic view ol the current location and as a reference or
context for further movement or rotation of movable display
device 102 to look at other parts of the current location.

Example movable display device 102 has a touch screen
that can be controlled by touching it with a stylus or a finger.
The touch screen can be used to provide various inputs
including handwriting, gestures, etc.

Sensors 108 determine the attitude of movable display
device 102. Sensors 108 may be contained within movable
display device 102, placed outside of movable display device
102, or some sensors may be disposed within movable display
device 102 and other sensors may be disposed externally to
movable display device. More detail concerning example
non-limiting arrangements for sensors 108 may be found in
U.S. patent application Ser. Nos. 13/019,924 and 13/019,928,
filed on Feb. 2, 2011, and U.S. patent application Ser. No.
13/153,106, filed on Jun. 3, 2011, the contents of which are
incorporated herein by reference in their entirety. In other
implementations, sensors 108 shown in FIG. 1 may include
any desired sensor(s) such as mechanical, acoustic, ultra-
sonic, camera, optical, infrared, magnetic, electromagnetic
(e.g., radio or microwave), inertial, gyroscopic, acceleration-
based, fiducial-based, outside-looking-in, inside-looking-
out, GPS, cell phone, and/or any combination thereof.

FIG. 3 shows an example non-limiting block diagram of

movable display 102 (for more details see U.S. patent appli-
cation Ser. Nos. 13/019,924 and 13/019,928 filed on Feb. 2,

2011, and U.S. patent application Ser. No. 13/153,106, filed
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on Jun. 3, 2011, the contents of which are incorporated herein
by reference 1n their entirety). Manual control inputs from the
manual controls detailed above are supplied to processor 312.
The processor may harvest data inputs (1including from touch
panel display 320) and report them via a radio transceiver 316
or other wireless or wired connection to a remote console or
computer (e.g., 206a) for analysis. The remote console or
computer (which may also be connected to stationary display
wirelessly or by wire) may process the reported data imnputs
and generate compressed or other 1images that 1t may send to
the movable display radio transceiver 316. The movable dis-
play device processor 312 may decompress the received
images and display them on touch panel display 320.

The remote console or computer 106 can be one or more
graphics generators located 1n one place or distributed 1n a
variety of places communicating via one or more networks.
Such graphics generator(s) can use conventional 3D graphics
transformations, virtual camera and other techniques to pro-
vide appropriately spatially-coherent or other images for dis-
play by the movable display or the stationary display. For
example, the graphics generator or computer 106 can be any
of:

a graphics generator that 1s part of or 1s a separate compo-
nent co-located with stationary display and communi-
cates remotely (e.g., wirelessly) with the movable dis-
play; or

a graphics generator that 1s part of or 1s a separate compo-
nent co-located with movable display and communi-
cates remotely (e.g., wirelessly) with the stationary dis-
play or associated equipment; or

a distributed graphics generating arrangement some of
which 1s contained within the movable display housing
and some of which 1s co-located with the stationary
display, the distributed portions communicating
together via a connection such as a wireless or wired
network; or

a graphics generator located remotely (e.g., 1n the cloud)
from both the stationary and movable displays, and com-
municating with each of them via one or more network
connections; or

any combination or variation of the above.

In the case of a distributed graphics generator architecture
or arrangement, appropriate data exchange and transmission
protocols are used to provide low latency and maintain inter-
activity, as will be understood by those skilled 1n the art.

In one particular example, the MARG attitude sensors 308
(1.e., a triaxial accelerometer, a triaxial gyroscope and a tri-
axial magnetometer) provide sensor outputs to a processor
312 that executes instructions stored in non-transitory firm-
ware storage 314. An example non-limiting method uses the
3-axis gyroscope (Angular Rate) with error correction by
using 3-axis accelerometer based Gravity vector reference
(for roll and pitch), and 3-axis Magnetometer based north
vector reference (for yaw). This so called orientation or atti-
tude measurement 1s by “Magnetic Angular Rate Gravity
(MARG)”. In the example shown, the MARG sensors T are
not capable of detecting absolute position and use a magne-
tometer to detect what can be thought of as something like
magnetic compass heading relative to the earth’s magnetic
field.

An 1mitial calibration step can be used to allow system 100
to establish and maintain attitudinal spatial coherence
between the two displays stationary display 104 and movable
display 102. In such case, the person may be asked to orient
the movable display 102 in a certain way relative to the
stationary display 104 to calibrate the system so that the
magnetic compass bearing (e.g., NNW or 337.5°) of station-

10

15

20

25

30

35

40

45

50

55

60

65

6

ary display 104 within the room or other environment is
known. Calibration of movable display 102 1s possible 1n a
general free space (3D) orientation, or transformation (move-
ment) case (note that some special usage like 2D or linear
orientation or movement as the subset of free space usage
would also be possible). There, the example non-limiting
implementation relies on the relative movement of the mov-
able display 104 with initial calibration.

To calibrate during setup, the person may hold the screen of
movable display 102 parallel to the stationary display 104
while generally aiming a perpendicular vector at the center of
the stationary display. A button or other user control may be
pushed. The system 100 will measure and store the magnetic
field 1n the room to determine the orientation that the movable
display 102 1s in when the user says 1t 1s pointing at the
stationary display 104.

As noted above, graphics source(s) or computer 106 may
access a Google Maps database via the internet. The pan-
oramic (“street-view”) image from this database 1s in the
format of an 1image whose width 1s twice 1ts height, as shown
in FIG. 4.

The panoramic 1image can have a very large resolution. On
certain hardware, however, images having more than a certain
number of pixels cannot be rendered at all, and 1n certain other
instances cannot be rendered efficiently. For example, some
hardware may be incapable of processing image tiles greater
that 8192 pixels, due to limitations in graphics texturing capa-
bilities. Memory limitations may also restrict the capacity to
handle large 1mages and the etficiency with which images are
processed.

Due to size constraints of the original source data (e.g.,
Google), all of these 1images are split into equal size tiles.
Also, the 1image 1tself has various levels of detail, each one
being half the width and height of the previous level of detail.
For example, 11 the highest zoom level 1s NxM pixels, the next
zoom level would be N/2xM/2 pixels. Each image (e.g., pan-
oramic 1mage) generally has a final width and height divisible
by the tile size. See, for example, FIG. 5.

In FIG. 5, the final panoramic spherical image 1s split into
4x2 equal size tiles (see, e.g., tile 502), which, when com-
bined, are greater than the actual image to be used for spheri-
cal display. For example, the actual panoramic image 504 1s
smaller than the combined image of all the tiles which adds
padding areas 506 and 508 to the image 504.

It 1s desirable then to generate polygon “patches™ or sub
meshes that will each correspond to a tile, or part of a tile, that
makes up the final image, and when those sub meshes are
placed 1n their appropriate positions, the final sphere geom-
etry 1s created.

To determine how to generate each patch, a determination
1s made of how the 1mage 1s designed to map to the sphere.
Using the image without padding, that mapping 1s (assuming
a unit sphere with a radius of 1) shown 1n FIG. 6.

So for each tile 1in the final texture, a series of polygons 1s
generated based on 1ts mtended location within what nor-
mally would be a single image. The number of polygons 1s
based on the number of a maximum number (e.g., 5,000)
divided by the number of tiles, with a minimum of 8 triangles
per sub mesh. Fach point of the sub mesh 1s a curved piece of
a sphere, and due to the way the texture map 1s generated, sub
meshes for tiles at the north and south poles of the sphere have
a higher spatial concentration of points than those at the
equator. This relative concentration of points at the north and
south poles of the sphere can be seen 1 FIG. 6 at Y=1 and
Y=-1.

Due to the fact that the sub tiles of the final 1image that
makes up a sphere view may each be transferred over the
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internet, 1t can take substantial time before they all arrive.
Consequently, 1t 1s desirable to be able to prepare adjacent
panoramic (“street view””) images 1n memory before they are
required for drawing, and also retain where the user’s view-
point was previously so a quick return to that point can be
made without reloads.

An example method along these lines includes:

(1) Allocate a fixed amount of memory for the caching,
with a maximum number of possible cached images (for
example, 200 MB of RAM for up to 500 images).

(2) When a compressed (for example, JPEG) 1image is
received, 1ts compressed data and name are sent as a
request to be cached.

(3) The caching system determines the amount of memory
necessary to store the compressed JPEG 1mage and
uncompressed image data 1n the native hardware texture
format.

(4) It will attempt to allocate that memory from the fixed
cache as well as use one of the possible image data (500
in the previous example) structures.

(5) IT there 1s msuilicient free space 1n the cache, the oldest
images are removed Ifrom the cache until enough
memory 1s available to allocate 1t.

(6) Images are added 1n order so that the oldest image 1s
always the first in the list, and the newest 1s always the
last. Each 1image 1s given a unique ID value. Each image
can optionally have a group ID assigned to 1it.

(7) A background processing thread moves through the list
of 1images sequentially and decompresses them. If an
image 1s being decompressed when the cache attempts
to free 1t 1n step 5), decompression automatically stops.

(8) When an 1image finishes being decompressed, 1t 1s con-
verted to a native hardware texture format and the cache
1s notified that 1t 1s available to be used for drawing.

(9) Drawing with a texture always makes it a “new’ texture,
automatically pushed to the end of the cache so it 1s the
last to be freed when there 1s no memory for a new
image.

(10) When an attempt to use a texture for drawing 1s made,
the texture 1s checked to see 11 1ts unique ID 1s still the
same as the last time 1t was drawn; 1f the value has
changed, the cache has reallocated that image, the draw-
ing fails, and a notification 1s sent that the 1image 1s no
longer cached.

(11) A check may be made to determine 1f a single 1image 1s
decompressed, or 1f all images with a specific Group 1D
are finished being decompressed. This may be used
when 1t needs to be determined 1f all the tiles related to a
final panoramic (“street view”’) 1image are decompressed
so they can be drawn.

FI1G. 7 1llustrates a flowchart of an example method 700 in
accordance with one or more embodiments. Method 700 may
be performed, for example, when a user, using a system as
shown 1n FIG. 2A, engages 1n exploring images that corre-
spond to locations indicated on a geographic map. The user
may, as shown 1n FIG. 2A, use a movable display device to
view panoramic imagery of certain geographic locations. The
geographic locations of which panoramic 1magery i1s being
viewed may be selected and/or otherwise indicated on a map
displayed on the movable display device and/or on a station-
ary display device as shown in FIG. 2A. An information
processing device, such as graphics source G shown in FIG. 1
or information processing device 206a shown 1n FIG. 2A, 1s
communicably connected to the movable display device (e.g.,
202a) and to the stationary display device (e.g., 204a). In an
embodiment, the movable display device 1s connected wire-
lessly, and the stationary display device 1s connected by wire.
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The user may indicate the current geographic location
being explored by controlling an object, such as animated
character 203, to move about on a portion of a map displayed
on stationary display device. The movements of the object on
the map may be responsive to user input provided by pressing
a key, pressing a button, moving a joystick, mouse nput,
touch input on a touchpad, or other input. The user may also
indicate the view direction by controlling the object on the
map, for example, by controlling the direction 1n which ani-
mated character 1s turned. The 1nput for changing the view
direction may be provided by using key, button, joystick,
mouse, or touch iput to change a direction i which the
object on the map 1s facing. The view direction may also be
changed by changing the orientation of the movable display
device, for example, by controlling the yaw, pitch and/or roll
of movable display device. The image viewed on the movable
display device 1s changed 1n accordance with the user’s cur-
rent geographic location and the current view direction. The
image viewed on the movable display device may, 1n some
embodiments, may be a panoramic 1image or a portion thereof
of the current geographic location displayed according to the
current view direction.

Although method 700 1s illustrated with operations 702-
718, 1t will be appreciated that one or more operations 702-
718 may be omitted, combined and/or performed in an order
different from that shown below.

At operation 702, the information processing device
receives indications of one or more of (1) the current geo-
graphic location being viewed by the user, and (2) the current
view direction of the user.

The current geographic location may be obtained based
upon aspects of position and/or orientation of movable dis-
play device 202a. For example, after an 1nitial position with
respect to a geographic map has been indicated by the user
(e.g., position on the map 201 of animated character 203), the
relative movements of movable display device 202a may be
tracked 1n order to obtain changes in the current position of
the user. In some embodiments, after his initial position with
respect to a geographic map has been selected by the user,
directional input may be provided using movable display
device 202a 1n order to indicate the user moving along a street
or the like.

According to vet other embodiments, the current geo-
graphic location for panoramic imagery may be indicated by
an mput provided by the user using a map displayed on
movable display device 2025 (e.g., as shown 1n FIG. 2B), or
by an mput provided by the user upon a map displayed on
stationary display device 204a (e.g., as shown 1n FIG. 2A, by
controlling the position of the character).

The current view direction may be indicated by the orien-
tation of movable display device 202a, as determined using
sensors. According to another embodiment, the current view
direction may be indicated by the user controlling an object
(e.g., animated character 203 shown in FIG. 2A) to explicitly
indicate the view direction of interest. In yet another embodi-
ment, the current view direction may be indicated by button
and/or cursor mnput provided through movable display device
202a.

At operation 704, the system determines a location adja-
cent to the current geographic location as indicated by the
user as a next location (e.g. a predicted location) along the
user’s path. For example, the location closest to the current
location and for which panoramic imagery i1s available may
be selected as the predicted location. The predicted location
may be determined based on map information and/or image
availability information provided by a remote server, or based
upon a pre-configured information.
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Having 1dentified a next location, panoramic imagery for
that location 1s obtained. The panoramic 1mage correspond-
ing to the next location 1s received 1n the form of a plurality of
image tiles. Control information, provided separately or via
header information of at least some of the 1mage tiles, 1ndi-
cates the number of 1mage tiles that make up the entire pan-
oramic 1mage, the resolution of the panoramic image, etc. The
receiving of the image tiles may be in response to a request
from the information processing device sent to the remote
server. In some embodiments, the image tiles may be avail-
able from a local 1image source.

At operation 706, when an 1mage tile of the panoramic
image of the predicted location 1s received, that image tile 1s
cached. The cache of 1image tiles may be ordered 1n accor-
dance with the time of receipt, with each newly recerved
image tile added to the end of the cache.

The cache may be configured for a fixed size of memory.

If the cache does not have suilicient space for the latest
received image tile (1.e. cache 1s full), then one or more 1image
tiles that are 1n the cache are evicted to make space for the
newly recetved 1mage tile. According to an embodiment, the
oldest cached 1mage tiles are first evicted 1n order to make
space for the new tiles. Use of other cache eviction schemes,
or cache replacement schemes, are possible and are encom-
passed within the scope of this disclosure.

It should be noted that the cached 1image tiles may all not be
of the same size, for example, because for some panoramic
images, 1mage tiles of different resolutions may be received.
Therefore, 1n some 1nstances, two or more already cached
image tiles may be evicted 1n order that the new 1image tile 1s
added.

At operation 708, cached image tiles are decompressed.
According to an embodiment, one or more background
threads traverse the cache decompressing the respective
image tiles. Image tiles may be decompressed sequentially 1n
order of oldest cached image tile to the newest. Other ordering
of the tiles selected for decompression, such as, for example,
decompressing all the image tiles of a particular panoramic
image 1n one sequence may be implemented 1n some embodi-
ments.

It will be appreciated that the 1image tiles received from a
remote server are, 1n general, highly compressed. Decom-
pressing the 1mage tiles may be a part of the processing of
cach tile before they are ready to be used 1n drawing. Accord-
ing to an embodiment, after an 1mage tile received from the
remote server in a JPEG format 1s decompressed, 1t 1s con-
verted to a native hardware texture format of a device on
which the panoramic 1mage 1s to be displayed. An example
native hardware format to which the compressed JPEG
images are converted may be an RGB format.

The decompressed 1mage tile, which 1s now in a native
hardware format, 1s stored 1n memory 1n association with the
corresponding cached tile. For example, the decompressed
image of a particular cached tile will be stored 1n a separate
area of a dynamic memory such that it can be found when the
corresponding cache image tile 1s accessed. One or more
pointers may be set from the cached image tile to the corre-
sponding decompressed 1image in native hardware texture.

According to another example embodiment, the decom-
pressed 1images may be stored 1n a pre-allocated data struc-
tures. For example, one or more data structures may be pre-
allocated for holding the respective decompressed image tiles
for an entire panoramic image or part thereof, and the one or
more data structures may be updated with image tiles corre-
sponding to the latest next panoramic 1image being formed.

According to some embodiments, the decompressing of
cached tiles corresponding to a particular next location 1s
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commenced only upon an indication that the user 1s moving 1n
the direction of that particular next location. For example,
when a user (for example, during his traversal of a map using
movable display device 201a and animated character 203)
arrives at a four-way 1ntersection and pauses, the panoramic
imagery corresponding to that four-way intersection 1s dis-
played. Also, anext location on each ofthe four possible paths
may be 1dentified, and their image tiles may be obtained and
cached. The image tiles of the four possible next locations are
not decompressed until the user indicates further movement
(e.g., starts walking). When further movement 1s detected
along one of the four possible paths from the intersection, the
image tiles corresponding to the selected path are decom-
pressed. In this manner, decompression of the relevant pan-
oramic 1mage can be completed before the user arrives at the
corresponding next location while not unnecessarily decom-
pressing other panoramic 1images that may not be viewed by
the user.

At operation 710, 1t 1s 1dentified that decompression has
completed for all image tiles that make up the panoramic
image of the predicted location. The panoramic image for the
predicted location 1s indicated as being ready for drawing. For
example, a flag may be set 1n memory indicating that the
corresponding group of 1mage tiles 1s ready.

The 1dentification that all image tiles corresponding to a
panoramic 1mage, for example, such as, the next panoramic
image to be displayed, have completed decompressing may
be based upon a group 1dentifier. For example, all image tiles
ol the next panoramic 1mage to be drawn have the same group
identifier. The group 1dentifier may be assigned upon receipt
of each respective tile. As each tile completes decompressing,
a parameter associated with the corresponding group 1denti-
fier can be updated 1indicating that one of the corresponding
tiles have completed decompressing.

At operation 712, padding included 1n the received image
tiles 1s identified and removed. As described above 1n relation
to FIGS. 4 and 5, the remote server may include padding in
some of the image tiles such that all the image tiles for a
selected panoramic 1mage at a particular resolution are the
same size. The padding may comprise a part of the panoramic
image that 1s already included 1n one or more other tiles, or
may include data that 1s not part from the actual 1mage.

From control information receirved along with the image
tiles, the resolution of the actual panoramic image (excluding
the padded areas) can be determined. The control information
may be received from the remote server either separately or
together with at least some of the 1mage tiles. According to
some embodiments, the control information 1s included 1n the
headers of one or more of the 1image tiles.

The control information also 1indicates how many 1mage
tiles make up the panoramic image. In some embodiments,
the number of 1mage tiles for the panoramic 1image may be
determined based upon the number of 1mage tiles received.
Based upon the number of image tiles received and the size of
cach tile, the size of the entire 1mage made by the recerved
tiles including the padding can be determined.

The control information provides a horizontal resolution
and a vertical resolution of the actual panoramic image
excluding the areas of padding.

The difference between the total size of the image and the
s1ze of the actual panoramic 1mage 1s the padding. According
to an embodiment, padding 1s included in the recerved tiles
such that, tiles 1n the right-most column and the tiles 1n the
lowest row have padding included. An example 1s shown 1n
FIG. 5. The top-left edge of the actual panoramic image 1s
flush with the top-left edge of the larger image formed by
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arranging the recerved 1image tiles. Based upon the above, the
horizontal and vertical padding areas can be separately 1den-
tified.

The 1dentified padding 1s then removed from the decom-
pressed images. Thus, according to an example embodiment,
the decompressed 1mage tiles do not have any padding, and
therefore, such tiles may not all be of the same size.

At operation 714, patches are generated. A patch maps at
least a portion of an 1image tile to an area on the surface of a
three-dimensional sphere model. Each patch may be a sepa-
rate object corresponding to a respective portion ol the sphere
model. According to an embodiment, one patch 1s created for
cach 1mage tile.

A patch includes a plurality of polygonal shapes, such as,
for example, triangles, that each map to a respective non-
overlapping area of the three-dimensional sphere. Forming
the patch using smaller polygons enables accurately repre-
senting the curved surface of a sphere. The number of tr1-
angles for each patch 1s determined based upon several fac-
tors including a maximum total number of triangles that can
be drawn on a particular display device, and a configured
mimmum number of triangles per patch. Each patch 1s created
so that the imagery contained within that patch 1s aligned
along the seams with the 1imagery 1n adjoining patches.

In order to generate each patch corresponding to a tile, the
geographic location of each corner of the tiles 1s determined
based upon the panoramic image. The determined locations
are then mapped to positions of the sphere, and the patch 1s
mapped and/or positioned accordingly.

At operation 716, patches are drawn to form the three-
dimensional model of the panoramic image. A patch can be
drawn by rendering the respective triangles which make up
the patch. By drawing the portions of the panoramic image
corresponding to respective patches, and by positioning the
patches in accordance with their respective positions 1n a
sphere, a three-dimensional sphere model 1s formed which
can be used to present a complete 360-degree view from a
particular view direction. According to an embodiment, the
three-dimensional sphere model presents 360-degree view
from a location corresponding to the viewpoint at the center
of the sphere.

Upon drawing a patch, optionally, the cached image tile
corresponding to the drawn patch, can be removed from 1ts
current position 1n the cache, and re-inserted to the cache as a
later 1mage tile. The re-insertion may be immediate. Such
re-mnsertion ol the corresponding image tile as a newly
received 1mage tile, allows that tile remain 1n the cache for a
longer time thereby facilitating speedy rendering of the pan-
oramic 1mage when the user views diflerent angles of the
same panoramic 1mage, or when the user later returns to the
same panoramic 1mage aiter having proceeded to another one
Or more panoramic 1images.

According to an example embodiment, the initiation of the
drawing of a texture of a panoramic image onto the three-
dimensional sphere model 1s initiated when the user’s current
geographical position changes. Upon such a change, the sys-
tem first attempts to obtain an available panoramic 1mage for
the current geographic position from the cache. This check
may be performed for each tile of the panoramic image, and
may be based upon checking a corresponding umique 1d for
cach tile or a corresponding 1mage 1d or group i1d for the
panoramic 1image. If the image, or one or more of the tiles are
not in the cache at the time they are needed for the drawings,
then such missing components are requested from the remote
Server.

At operation 718, at least a portion of the three-dimen-
sional sphere model 1s displayed on a display screen. The
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display of the panoramic image from the three-dimensional
sphere model 1s 1mitiated when the current geographic loca-
tion 1s the same as the predicted location, for example, as
would occur when the user (e.g. animated character 203 con-
trolled by the user) walks from a previous location to the
predicted location.

According to an embodiment, the three-dimensional
sphere model with the panoramic image drawn upon 1t 1s
provided to a three-dimensional rendering umt, which can
track changes 1n the user’s view direction (e.g. orientation),
and accordingly display a corresponding portion from the
sphere model. According to another embodiment, the corre-
sponding patches may be drawn to the sphere model when the
user’s viewpolint changes to a particular area and then dis-
played.

In some embodiments, concurrently with displaying the
panoramic 1mage on a first display device, a corresponding
map 1mage (see FI1G. 2A) may be rendered for, and displayed
on, a second display device.

FIG. 8 shows a computer node 800 used 1n one or more
embodiments. For example, information processing device
2064 may include computer node 800.

Computer node 800 includes at least one processor 802, at
least one memory 804, at least one non-volatile storage 806,
and one or more network interfaces 808, which are commu-
nicatively coupled by communication bus 810. One or more
input devices 814 may also be directly or indirectly attached
to computer node 800. Moreover, one or more displays 812
may also be directly or indirectly attached to computer node
800. Processor 802 can include any computer processor
capable of executing a sequence of program or logic istruc-
tions. Logic instructions corresponding to a computer pro-
gram may reside as logic instructions 824 1n non-volatile
storage and/or as logic instructions 822 in memory 804, and
may be executed by processor 802. According to some
embodiments, one or more operations 702-718 may be
executed by processor 802 when computer node 800 1s used
as user information processing device 206a.

Memory 804 may include any type of volatile memory for
storing instructions or data. Memory 804 may include an area
for a cache 820. In some embodiments, cache 820 and other
volatile memory 804 may be configured as separate areas,
with the cache 820 being configured for fast access by pro-
cessor 802. Memory 804 may also include one or more frame
buifers 826. Frame builers 826 may be used for rendering
imagery for display on devices directly connected to com-
puter 800 or on devices connected via a network. Non-volatile
storage 806 1includes hard disk, non-volatile solid state

memory devices, and like computer readable memory
devices.

Display 812 may include any kind of display such as, for
example, display devices capable of graphical display. Input
devices 814 may include any input device, such as, keyboard,
mouse, touch screen, microphone etc., that can provide input
to a program executing on computer node 800.

Network interfaces 808 may include any type of network
interface which enables computer node 800 to communicate
through a network. Example networks accessed by computer
800 may include the Internet, cloud network, a corporate wide
area or local area network, a WIFI network, and the like.

Hardware implementation of the described embodiments
may include or encompass, without limitation, digital signal
processor (DSP) hardware, a reduced 1nstruction set proces-
sor, hardware (e.g., digital or analog) circuitry including but
not limited to application specific integrated circuit(s) (ASIC)
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and/or field programmable gate array(s) (FPGA(s)), and
(where appropriate) state machines capable of performing
such functions.

In terms of computer implementation, a computer 1s gen-
erally understood to comprise one or more processors or one
or more controllers, and the terms computer, processor, and
controller may be employed interchangeably. When provided
by a computer, processor, or controller, the functions may be
provided by a single dedicated computer or processor or
controller, by a single shared computer or processor or con-
troller, or by a plurality of individual computers or processors
or controllers, some of which may be shared or distributed.
Moreover, the term “processor” or “controller” also refers to
other hardware capable of performing such functions and/or
executing soltware, such as the example hardware recited
above.

While the technology herein has been described 1n connec-
tion with exemplary illustrative non-limiting embodiments,
the i1nvention 1s not to be limited by the disclosure. For
example, given the conceptual nature of the present disclo-
sure and 1ts detailed exploration of a variety of different
possible 1mplementations, many statements herein do not
correspond to any particular actual product that may be even-
tually be made available to consumers. Additionally, while
the preferred embodiments use a stationary display and a
movable display, both displays could be movable or both
could be stationary, or there could be more displays some of
which are movable and some of which are stationary. One or
both the displays stationary display device and movable dis-
play device may a 3D display (e.g., an autostereoscopic dis-
play) that provide stereoscopic perception of depth to a
viewer. One or both of the displays stationary display device
and movable display device may be so-called high-definition
displays (e.g., 1,280x720pixels (720p) or 1,920x1,080 pixels
(10801/1080p)). Stall additionally, the 1mages displayed on
the displays stationary display device and movable display
device may be from any source such as an animation engine,
a video game machine, a simulator, or a video which 1s
appropriately transtormed or processed to provide displays
from different perspectives. The invention 1s mtended to be
defined by the claims and to cover all corresponding and
equivalent arrangements whether or not specific.

What 1s claimed 1s:

1. A system, comprising an information processing device
connectable over a network to a remote server, wherein the
information processing device comprises:

{irst memory;

a network interface; and

a first processing system including at least one processor,

wherein the first processing system 1s configured to per-
form first operations comprising;

repeatedly recerving an indication of one or both of a

current geographic location and a current view direction
for a user;
receiving from the remote server a first plurality of 1image
tiles of a first panoramic 1mage of a predicted geographic
location, wherein the predicted geographic location 1s
located 1n proximaity to the current geographic location;

caching the received first plurality of image tiles;

processing the cached first plurality of image tiles, wherein
the processing includes decompressing respective ones
of the cached first plurality of 1mage tiles and storing
cach of the decompressed image tiles 1n the first memory
in association with a corresponding one of the cached
image tiles; and

when the current geographic location 1s substantially at the

predicted geographic location, rendering, using the
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stored decompressed tiles accessed based upon associa-
tions with the corresponding cached image tiles, at least
a portion of the first panoramic 1mage to a plurality of
three-dimensional surfaces in the first memory, wherein
cach of the plurality of three-dimensional surfaces cor-
responds to a respective portion of a sphere.
2. The system according to claim 1, wherein the processing,
COmprises:
detecting, before the user reaches the predicted geographic
location, a transition of the user towards the predicted
geographic location; and
responsive to the detecting, initiating the decompressing.
3. The system according to claim 1, further comprising a
movable display device,
wherein the first processing system 1s further configured to

perform operations comprising:

forming, using the rendered plurality of three-dimensional
surfaces, a display image for the predicted geographic
location; and

providing the display image to the movable display device,

and wherein the movable display device comprises:

a second memory; and

a second processing system 1ncluding at least one proces-

sor, wherein the second processing system 1s configured
to perform operations comprising displaying the pro-
vided display image.

4. The system according to claim 1, wherein the rendering
COmMprises:

determining a group of tiles required for displaying the

current view direction; and

determining that each tile of the group of tiles has com-

pleted the processing.

5. The system according to claim 4, wherein the rendering
turther comprises determining the current view direction 1n
accordance with a view direction indicator controlled by an
input from the user.

6. The system according to claim 4, wherein the rendering
further comprises determining the current view direction 1n
accordance with a position and/or orientation of a handheld
movable display device controlled by the user.

7. The system according to claim 4, wherein the determin-
ing that each tile of the group of tiles has completed process-
1Ng COMprises:

identifying respective tiles of the group based upon a same

group 1dentifier associated with each tile of the group;
and

monitoring to determine 11 all the 1dentified tiles have com-

pleted processing.

8. The system according to claim 4, wherein the system
turther comprises a first display device, and wherein a loca-
tion corresponding to the first panoramic image 1s displayed
on a map 1in the first display device simultaneously when at
least a portion of the first panoramic 1mage 1s displayed on a
movable display device.

9. The system according to claim 1, wherein the caching
COmMprises:

selecting one of the received tiles for inserting into a cache;

11 space 1s available 1n the cache, inserting the selected tile

in the cache; and

11 space 1s not available 1n the cache, evicting one or more

other tiles from the cache and iserting the selected tile
in the cache after the evicting.

10. The system according to claim 9, wherein the inserting
comprises mnserting the selected tile such that the tiles 1n the
cache are ordered such that the last received tile or the last
drawn tile 1s at the end of the cache, wherein selection for
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eviction 1s made from the front of the cache before being
made from the end of the cache.

11. The system according to claim 9, wherein the evicting
comprises 1dentifying an oldest tile 1n the cache, wherein the
oldest tile 1s the earliest received tile among the tiles 1n the
cache.

12. The system according to claim 1, wherein the process-
Ing COMprises:

decompressing respective ones of the cached tiles; and

storing each decompressed image in association with the

corresponding cached tile.

13. A method, comprising:

repeatedly receiving an indication of one or both of a

current geographic location and a current view direction
of a user:
receiving from a remote server a first plurality of 1image
tiles of a first panoramic 1image of a predicted geographic
location, wherein the predicted geographic location 1s
located 1n proximity to the current geographic location;

caching the received first plurality of image tiles;

processing the cached first plurality of image tiles, wherein
the processing includes decompressing respective ones
of the cached first plurality of image tiles and storing
cach of the decompressed image tiles 1n association with
a corresponding one of the cached image tiles; and

when the current geographic location 1s substantially at the
predicted geographic location, rendering, using the
stored decompressed tiles accessed based upon associa-
tions with the corresponding cached 1image tiles, at least
a portion of the first panoramic 1mage to a plurality of
three-dimensional surfaces 1n a memory, wherein each
of the plurality of three-dimensional surfaces corre-
sponds to a respective portion of a sphere.

14. The method according to claim 13, wherein the pro-
CessIng Comprises:

detecting, before the user reaches the predicted geographic

location, a transition of the user towards the predicted
geographic location; and

responsive to the detecting, mitiating the decompressing.

15. The method according to claim 13, wherein the render-
INg COMprises:

determining a group of tiles required for displaying the

current view direction; and

determining that each tile of the group of tiles has com-

pleted the processing.

16. The method according to claim 15, wherein the deter-
mimng that each tile of the group of tiles has completed
processing Comprises:

identifying respective tiles of the group based upon a same

group 1dentifier associated with each tile of the group;
and

monitoring to determine if all the 1dentified tiles have com-

pleted processing.

17. The method according to claim 13, wherein the caching
COmMprises:

selecting one of the recetved tiles for inserting into a cache;

i memory space 1s available 1n the cache, mserting the

selected tile in the cache; and

i memory space 1s not available 1n the cache, evicting one

or more other tiles from the cache and inserting the
selected tile in the cache after the evicting.

18. The method according to claim 13, wherein the pro-
CessIng Comprises:

decompressing respective ones of the cached tiles; and

storing each decompressed image in association with the

corresponding cached tile.
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19. A non-transitory computer-readable storage medium
having instructions stored thereon, which when executed by a
processor of a computer, causes the computer to perform
operations comprising:

repeatedly recerving an indication of one or both of a

current geographic location and a current view direction

for a user:;

recerving from a remote server a first plurality of image
tiles of a first panoramic 1image of a predicted geographic
location, wherein the predicted geographic location 1s
located 1n proximity to the current geographic location;

caching the received first plurality of image tiles;

processing the cached first plurality of image tiles, wherein
the processing includes decompressing respective ones
of the cached first plurality of 1mage tiles and storing
cach of the decompressed 1mage tiles 1n a memory 1n
association with a corresponding one of the cached
image tiles; and

when the current geographic location 1s substantially at the

predicted geographic location, rendering, using the
stored decompressed tiles accessed based upon associa-
tions with the corresponding cached image tiles, at least
a portion of the first panoramic 1mage to a plurality of
three-dimensional surfaces in the memory, wherein each
of the plurality of three-dimensional surfaces corre-
sponds to a respective portion of a sphere.

20. The non-transitory computer-readable medium accord-
ing to claim 19, wherein the instructions cause the computer
to further perform operations comprising:

detecting, before the user reaches the predicted geographic

location, a transition of the user towards the predicted
geographic location; and

responsive to the detecting, initiating the decompressing.

21. An 1information processing apparatus comprising:

a memory;

a network interface; and

a processing system including at least one processor, the

processing system being configured to perform opera-
tions comprising:
repeatedly recerving an indication of one or both of a
current geographic location and a current view direc-
tion;
receiving from a remote server, via the network inter-
face, a plurality of image tiles of a panoramic image of
a predicted geographic location, wherein the pre-
dicted geographic location 1s located i proximity to
the current geographic location;
caching the recewved plurality of image tiles in the
memory;
processing the cached plurality of image tiles, wherein
the processing includes decompressing respective
ones of the cached plurality of image tiles and storing,
cach of the decompressed 1mage tiles 1n the memory
in association with a corresponding one of the cached
image tiles; and
when the current geographic location 1s substantially at
the predicted geographic location, rendering, using
the stored decompressed tiles accessed based upon
associations with the corresponding cached image
tiles, at least a portion of the panoramic 1image to a
plurality of three-dimensional surfaces 1n the
memory, wherein each of the plurality of three-di-
mensional surfaces corresponds to a respective por-
tion of a sphere.
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